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Eq. (8), pkt-size = 1050
Simul, λ=1, pkt-size = 1050
;#o(wlbcdnr²¢©b[t4t4{}(t4acb 98$F¥jn I
°b9mp{jx}I¥bkj4t4Nmptlbk {}`bnmpw©  ](l]j4]`xZ¢bk tRnmp}¾wlbnmPl] t4]`b9jmpacbNmp} ¥mp{o`bkj
mPj	ao({t4~({nmpt4¥b¿§¢° (bk[wlbnmPjlb ¼Hxn¢b[¥b[wn´,t4]`bsjb[t4t4{}(¬t4acb 9($¢j](]`b[wt4]mp}º t4]
a	o({t4~({nmpt4¥b§¢°h(bk[wlbnmPjlb´(bkj4~Bbk[|mp{{u · xPw^jlaemp{{<{}`bnmpw(bk[wlbnmPjlbkxP}`j4tmp}Ntlj¦#®X ](l]
¤xPo({¹wlbkj4o({t}6xIxÐt4](wlxPo(](~(o(tb[}(]mp}`kb[acb[}Itn
;¡}mp{{u¬¢b>j4]`xPo({¾}`xPtlbt4]mptR}7
:9 ´<t4]`b>mpo(t4]`xPwljRo`jlb{}`bnmpw	©  t4]  	\^](j
jlo(wlb[{ub[}(]mp}`kbkjt4](wlxPo(](~(o(tn´<mPj¥b[w4u](] >¥Pmp{o`bkjH(xe t4]¿ao({t4~({nmpt4¥be© 9)¼xZ^Ï
b[¥b[wn´µ¥b[w4u6](] c¥mp{o`bkj.mp}`¾¥b[w4u6{xZÅ¥mp{o`bkj¢xPo({ {bnmP¾tlxso(}mPkkb[~(tmp¯({bcjb[t4t4{}(
t4acbkj 9($¨´I · xP}`bkxP}`jl(b[wlj¤jlo`((b[}skxP}(bkj4t4xP}Ð{b[¥b[{<rwlxP~µ ;(wlxPa t4]`bo`jlb[w¢~BxP}Nt^x · ¥b[.´
](]jb[t4t4{}(ct4acb¥Pmp{o`bkj	¦ 98$?®¢acbnmp}¹{xP}(b[w(b[{|mkurj ¯Sb · xPwlbt4]`bo`jlb[w b[tlj t4]`baemUqrao(a
t4](wlxPo(](~(o(tcm · tlb[w	acxZ¥I}( · wlxPa m6](]({ukxP}(bkj4tlbkÅmpwlbnm6tlx¿m{xn½kxP}(bkj4tlbkºxP}`b´&xPw
 ]`b[}¿mp{{µx · ](j }`b[]I¯SxPwljHj4o`((b[}({uÐj4tlxP~t4]`b[wt4wmp}`jla>jlj4xP}`jn
 tjbnmPj4u6tlxÐxP¯(tmp}ms[{xjlbkÏ · xPw4aÃbLq~(wlbkjj4xP} · xPwt4]`baemUqa	o(aÃjlb[t4t4{}(¹t4acb 9($¨
°b}`bkbk>tlx.jlb[}`SkxP}`jlbk[o(t4¥b · wmpacbkj¢j4o`kkbkjlj · o({{u´tlxRwlbnmP]et4]`b  DxP~(t4aemp{ "t4](wlxPo(](~(o(t
¦  t4]ML NKP Q S(®L´r¨ b
LONKP < ,  
$  L NKP Q>S 

	  '  %'%  )&
	4'	4        *9
TUTWV0XZYC[&\$]
    (    
   - 0% 	   B-$I "C% % 

t4]`b[wlb · xPwlb       	 	
   

    ´rt4]`xjlb  · wmpacbkj tmp£b
9($ 
$
5
Q 62
 9 ')   !  '   9 ' LONKP < ," 0
  $ . 7
   ¦ ®
 ]`b[wlb  jt4]`b9t4wmp}`j4a>jlj4xP}mpt4tlb[a>~(t}No(a¯Bb[wn´ 9jt4]`b · wmpacb9t4wmp}`j4a>jljlxP} t4acb
 t4]stlj^kxPw4wlbkj4~BxP}`r}(  ´  ¸mp}`«§<? t4wmp}`j4a>jj4xP}t4acb´(mp}`0j¢t4]`bt4acb
jl{xPtro(wmpt4xP}µ
  
/S	$&%%Æ  R%)
l%
\^](jRjbk[t4xP}¿jr¥(bk¾}Ntlxst ¤x¹~mpw4tljn.\^]`b `wlj4tRxP}`b>mp}mp{uÂnbkjRj4]`xPw4tzÏ¨tlb[w4a mp}`¿{xP}(PÏ
tlb[w4a · mpw4}`bkjjFx · © 9Z\^]`bXjbkkxP}`xP}`b¢mp}mp{uÂnbkj¡{xP}(PÏ¨tlb[w4a · mpw4}`bkjljµ¯Bb[t ¤bkb[}9rdd¢}`x(bkj
mp}`¿© »}`x(bkjxP~Bb[wmpt4}(ctlxPb[t4]`b[wn
  ! "   #%$& 
'   ()! 
^b · xPwlbrjl[o`jljl}( t4]`b · mpw4}`bkjjex · t4]`b¬© 1jll]`b[acb´¤{b[tco`jl]`bk£ jlxPacb¹jlj4o`bkjcwlb[{|mptlbk
tlx · mpw4}`bkjlj>}Á{b[NmP[uºrdd \Fx acbnmPj4o(wlb · mpw4}`bkjljZ´,¢bo`jlbNmp} je}`(bLqºx ·H· mpw4}`bkjj
¦*,+I®&7dn 9 ¬°bkxP}`j4(b[wcm6¥b[}º}No(a¯Bb[w>x · mPkkbkjljlbkjÐ¦ m¬ }`(xn®tlx¬t4]`bs]mp}(}`b[{mp}`
kxPa>~(o(tlb- + mPjn²
 +  .
SQ 6#7/ Q 10
& . SQ 6#7 / 0Q ¦ ®
 ]`b[wlb &6j^t4]`bH}No(a	¯Sb[wx · }`xI(bkjmp}` / QFj¤t4]`b~(wlxP~BxPw4t4xP}x · j4o`kkbkjlj · o({<mPkkbkjljlbkj x ·
}`x(b  ro(w4}(t4]`b>kxP}`j4(b[wlbk¾ }`(xZ.2 + jRb Iomp{&tlxÐo(}(t u¿ ]`b[}mp{{&}`xI(bkjb Nomp{{u
jl]mpwlbRt4]`bRacbkro(a´)mp}`jb Nomp{Ftlx)*&  ]`b[}¿m9jl}({bR}`xI(b.acxP}`xP~SxP{Ânbkjt4]`b.l]mp}(}`b[{
¦ }  ](]nmPjlb2 +   s ]`b[} &  43 ®L°b>kxPa>~(o(tlbct4]`bcmk¥b[wmpb5 + ¯Nu¬jl{r}(¹t4]`b
 }`(xZ±t4](wlxPo(]6mp{{Bt4]`bRj4ao({|mpt4xP}6t4acb ;¡` ddRjl]`xnjn´`mPj¤}87dn:9 ´rt4]`bH¢bnmp£ · mpw4}`bkjj
x · rddxP}>t4]`b j4]`xPw4tzÏ¨tlb[w4a jlnmp{b\^](j · mpw4}`bkjlj,xP¯N¥xPo`j4{ua>~(wlxn¥bkj¢ ]`b[}ct4]`b^ }`(xn
jlÂnbo`jlbk · xPwacbnmPj4o(wlb[acb[}Ntb[tlj ¯(b[wn
° ]`b[}c¤b}`[wlbnmPjlbt4]`b LONKPRQ>S¥Pmp{o`b´N¢bjbkb t4]mpt · mpw4}`bkjlj¢mp{jxRa>~(wlxn¥bkjR¦ ;#`^ddZ®L²
« · tlb[w¤m	j4o`kkbkjlj · o({t4wmp}`j4a>jj4xP}µ´m}`x(b¦  t4]¹mR](] L NKP Q>Sr®,]mPj¤m{xn¤b[w¤~(wlxP¯mp¯({tDu
tlx¾mPkkbkjlj	t4]`b]mp}(}`b[{ w4]Nt>m · tlb[w4^mpwl(jn´& ](]À¥bkj9xPt4]`b[w9kxP}Ntlb[}`r}( }`x(bkj](]`b[w
~(wlxP¯mp¯({t4bkj.tlxÐmPkkbkjjt4]`b9]mp}(}`b[{¨´Fmp}`¿]`b[}`kb9a>~(wlxn¥bkjRt4]`b · mpw4}`bkjljn¼xZ¢b[¥b[wn´Ft4](j
j}`xPt t4]`b.nmPjlb ]`b[}¤b.}`[wlbnmPjlbRt4]`b}Io(a¯Bb[wx · kxP}Ntlb[}`r}(s}`xI(bkj	¦ ;¡`dn®L²
 }`(bkbk<´r ]`b[}¹¤b}`[wlbnmPjlbt4]`b}No(a	¯Sb[wx · kxP}Ntlb[}`r}(e}`x(bkjn´¢b}`[wlbnmPjbt4]`bRkxP{{ Ï
jlxP}wmptlb \^](j}`[wlbnmPjlbkjt4]`b.w4jl£jx · ]mn¥I}(}`xI(bkj t4]6](] §¢°j	¦ m · tlb[wkxP{{j4xP}`jL®L´
 T
 	
   
! "$#&%'"()"&+*,
.-/ 0+12"&3%.# rd
 0.1
 0.2
 0.3
 0.4
 0.5
 0.6
 0.7
 0.8
 0.9
 1
 0  500  1000  1500  2000
A
ve
ra
ge
 J
ai
n 
fa
irn
es
s 
in
de
x
Window size
10 flows, CWmin = 32
10 flows, CWmin = 63
10 flows, CWmin = 127
;#o(wlbcdd²;mpw4}`bkjljx · rdd. ]`b[}¥Pmpw4u}( LONKPRQ>S
 0
 0.1
 0.2
 0.3
 0.4
 0.5
 0.6
 0.7
 0.8
 0.9
 1
 0  1000  2000  3000  4000  5000  6000  7000  8000  9000  10000
A
ve
ra
ge
 J
ai
n 
fa
irn
es
s 
in
de
x
Window size
10 flows
25 flows
50 flows
80 flows
;#o(wlbcdnr²;mpw4}`bkjljx · rdd. ]`b[}¥Pmpw4u}(>t4]`bR}Io(a¯Bb[wx · kxP}Ntlb[}`r}(e}`x(bkj
 ]({b6xPt4]`b[wljcb[tct4]`b]mp}`kbtlx t4wmp}`jla>tejlb[¥b[wmp{ · wmpacbkj>acxPwlb · wlb Io`b[}Nt4{u´^t4]`b[wlb · xPwlb
(b[wmPr}( · mpw4}`bkjjn
\^]`bHmp¯Bxn¥bHt ¤xcmPj4~Bbk[tljn´Ix · a>~(wlxn¥}( · mpw4}`bkjlj¤ t4] L NKP Q Semp}`s(b[wmPr}(>t¤ t4]
t4]`b¢}No(a	¯Sb[w&x · kxP}Itlb[}`r}(R}`xI(bkjZ´Pmpwlb¤kxPa¯(}`bk9 ]`b[}¢b¤}`[wlbnmPjlb¢t4]`b¢}No(a¯Bb[w&x · }`x(bkj
 t4]¾©  ¦ ;#`dn®L
TUTWV0XZYC[&\$]
    (    
   - 0% 	   B-$I "C% % 

 0
 0.1
 0.2
 0.3
 0.4
 0.5
 0.6
 0.7
 0.8
 0.9
 1
 0  500  1000  1500  2000  2500  3000  3500  4000  4500  5000
A
ve
ra
ge
 J
ai
n 
fa
irn
es
s 
in
de
x
Window size
SD, 10 flows
SD, 15 flows
SD, 20 flows
SD, 40 flows
SD, 50 flows
SD, 80 flows
;#o(wlbcdnr²;mpw4}`bkjjx · © » ]`b[}6¥Pmpw4u}(>t4]`bR}No(a	¯Sb[wHx · kxP}Itlb[}`r}(}`x(bkj
³j4}(c© Æ}`[wlbnmPjlbkj^t4]`bmk¥b[wmpb.§¢° jlÂnbkjn´N ](]Ðj¤jlo(~(~Sxjlbketlxa>~(wlxZ¥b · mpw4}`bkjjn
¼Hxn¤b[¥b[wXt4]`b }`[wlbnmPjl}(.}No(a	¯Sb[w¤x · }`x(bkj&tlb[}`(j,tlxR(b[wmP(b · mpw4}`bkjjn¡\^]`b[wlb · xPwlb´I t4]m
(q(bk.a	o({t4~({nmpt4¥b (bk[wlbnmPjlb · mP[tlxPw¤¦ r ®L´P¤bX}`xPt4kbXt4]mpt¡ ]`b[}	¢b¢}`[wlbnmPjlb¢t4]`b,}No(a	¯Sb[w
x · xnjn´ · mpw4}`bkjlj>(bk[wlbnmPjlbkjc(xZ } tlx m¿¥b[}Å{b[¥b[{¨´Xt4]`b[} j4tmpw4tljc}`[wlbnmPj4}(`º\^]mpt>j
t4]`bs~BxP}Nt9 ]`b[wlbs{|mpw4b§¢° j4Ânbkj>kxPa>~Bb[}`jmptlbst4]`bo(} · mpw4}`bkjlj9x · t4]`bs](]º}No(a	¯Sb[wcx ·
kxP}Itlb[}`r}( xZjn
;¡`¤d[kxPa>~mpwlbkjt4]`b · mpw4}`bkjljx · rdd mp}`c© ² ;`xPw,mj4aemp{{I}Io(a¯Bb[w,x · kxP}Ntlb[}`r}(
xZjn´<rddj · mpwlb[wt4]mp}© 9)° ]`b[}¿¢b	}`[wlbnmPjlbt4]`b}Io(a¯Bb[wRx · xnjn´St4]`b · mpw4}`bkjj
[o(w4¥bkj^x · t4]`bHtD¢x9jll]`b[acbkj^b[t [{xjlb ;`xPw^](]Ð}No(a	¯Sb[wx · kxP}Itlb[}`r}( xnjZ´(© »j4]`xnj
acxPwlb · mpw4}`bkjljt4]mp}¬rdd
   ! "   
   $!	
 /! /  
\^]`baemp}ºrwmk ¯mPl£Àx · o`j4}(¾©  jt4]`beo(}`b Nomp{^j4]mpwlbsx · `mptmwmptlbtb[tlj ]`b[}Àt
kxbLqrj4tlj t4] rddR§¤xP}`j4(b[wt4]`bjlkb[}mpw4xs ]`b[wlb	~mpw4tHx · t4]`bkxPa>~Bb[t4}(}`x(bkjHo`jlb
rdd	mp}`¹t4]`bRxPt4]`b[w~mpw4t o`jlbkjH© 
µb[t & 7>¯Bb¹t4]`b}Io(a¯Bb[wx · rdd6j4tmpt4xP}`jZ´ 7c¯Bb¹t4]`b¹~(wlxP¯mp¯({tDu t4]mptsmrdd
jltmpt4xP} t4wmp}`j4a>te}Äm t4acbj4{xPtn´(7c¯Bb¹t4]`bkxP{{jlxP}Á~(wlxP¯mp¯({t u jlbkb[} ¯Nu mp} rdd
jltmpt4xP}µ´4 * 07¯Bbt4]`b6t4wmp}`j4a>jlj4xP} ~(wlxP¯mp¯({t u t4]mptsxP}`b¿rdd6t4wmp}`j4a>jj4xP}Á} t4]`bkxP}`jl(b[wlbk¸t4acbsj4{xPtn´tjt4]`bsjmpacbÐmPj 7k? 7¯Sbet4]`b~(wlxP¯mp¯({tDut4]mpt>xP}`bÐrdd
jltmpt4xP}t4wmp}`j4a>jlj4xP}¸xIk[o(w4w4}(6xP} t4]`bel]mp}(}`b[{Xjj4o`kkbkjlj · o({¨ µb[t(& 0   0   0 = *  0 mp}`
 T
 	
   
! "$#&%'"()"&+*,
.-/ 0+12"&3%.# 
 0
 0.1
 0.2
 0.3
 0.4
 0.5
 0.6
 0.7
 0.8
 0.9
 1
 0  1000  2000  3000  4000  5000  6000  7000  8000  9000  10000
A
ve
ra
ge
 J
ai
n 
fa
irn
es
s 
in
de
x
Window size
802.11, 10 flows
SD, 10 flows
802.11, 80 flows
SD, 80 flows
;#o(wlbcd[`²¢§¤xPa>~mpw4}( · mpw4}`bkjljx · rddmp}`¬© 
  0 ¯Bb9t4]`b>kxPw4wlbkj4~BxP}`r}(6¥mp{o`bkj · xPw.© ½jltmpt4xP}`jn9°b9£bkb[~t4]`b>jmpacb9acbnmp}(}(jmp}`}`xPtmpt4xP}`jx · 9%9 " = * `mp}`  mPj^}6rd r´rt4]`bt4](wlxPo(](~(o(tx · xP}`b.rddRjltmpt4xP}¹ {{¯Bb²
 7   * 7  =7      *  0 '  *   9#'  *      9 "

\^]`bRt4](wlxPo(](~(o(tx · mc©  j4tmpt4xP} {{µ¯Bb²
 0 
 *  0   0      *  0 '  *   9#'  *      9 "

 ]`b[wlb²  * 07  7 =7     7   S   7    0  S  *  0   0  0    7  S     0  S    S         . S      	


 }¾t4]`b · xP{{xZ }(¹¢b9£bkb[~ t4]`btlxPtmp{&}No(a	¯Sb[w.x · rddcmp}`© j4tmpt4xP}`jtlxm (q(bk
¥mp{o`b6x · dnxPwsr ;#` d 
j4]`xZjet4]`b6t4](wlxPo(](~(o(tÐx · mp} rdd6}`x(b¬mp}`Ämp} © 
}`x(b ]`b[}st4]`bH~(wlxP~BxPw4t4xP}¹x · rddH}`xI(bkj¤¥mpw4bkjn´¯mPjlbkxP}st4]`bRmp¯SxZ¥bHacxI(b[{µmp}`t4]`b
jlao({|mpt4xP}6wlbkjlo({tljn
TUTWV0XZYC[&\$]
p    (    
   - 0% 	   B-$I "C% % 

 0
 5
 10
 15
 20
 25
 30
 0  0.2  0.4  0.6  0.8  1
T
hr
ou
gh
pu
t/n
od
e 
(K
B
yt
es
/s
)
Proportion of 802.11 nodes
10 flows, 802.11, simul
10 flows, SD λ = 0.5, simul
20 flows, 802.11, simul
20 flows, SD λ = 0.5 , simul
10 flows, 802.11, model
10 flows, SD λ = 0.5, model
20 flows, 802.11, model
20 flows, SD λ = 0.5, model
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Number of contending flows
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Packet Error Rate (PER)
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